
Proposed Keywords for SOHORuss Howard, William Thompson31 July 2002Note: This do
ument was reworked to bring it up-to-date with modern FITS stan-dards. This was done, not for the bene�t of the SOHO proje
t, but for future proje
tswhi
h were starting to referen
e it. Modi�ed se
tions are shown in bold|W.T.T.1 OverviewKeywords will be used during the SOHO operations in several pla
es: in the FITS headers of thedistribution data, in the PVL des
riptions of the distribution data, in the online relational-database
atalog, in the permanent 
atalog, and in the key-parameters �les. It would be most desirable ifthe same keywords were used in all of these pla
es.Sin
e FITS is somewhat restri
ted in the keywords that it uses|the keywords 
an only be upto eight 
hara
ters long, and some keywords are already reserved|it would be best if the keywordsare initially designed with the needs of FITS �les foremost. It is anti
ipated that other routineswould then use the same keywords with no problems.The general rules for keywords are then as follows:� Keywords 
an be no more than eight 
hara
ters in length.� Keywords 
an be made up of only the alphabeti
 
hara
ters, \A" through \Z", the numerals\0" through \9", and the unders
ore (\ ") 
hara
ter.� Keywords must start with one of the alphabeti
 
hara
ters \A" through \Z".� Keywords will be 
onsidered to be 
ase-insensitive, i.e. \keyword", \Keyword", and \KEY-WORD" are all 
onsidered to be the same keyword. In FITS �les, keywords are alwayswritten in upper
ase.Although the FITS standard also allows for dash 
hara
ters in the keywords, other software pa
kagesmay have a problem with this. Hen
e, the above rules do not allow for dashes in the keywords.2 Reserved FITS keywordsThe following keywords are used by the FITS [7℄ and FITS binary table [2℄ �le standards to des
ribethe format of the �le. These keywords will be reserved for the purposes of storing data in FITS�les only.



SIMPLE XTENSION TFORM1,. . . ,TFORM999BITPIX GROUPS TDIM1,. . . ,TDIM999NAXIS PCOUNT THEAPNAXIS1,. . . ,NAXIS999 GCOUNT ENDBLOCKED TFIELDSEXTEND TBCOL1,. . . ,TBCOL999There are also some other standard optional keywords des
ribed by the above �le standards.These are listed below.AUTHOR DATE-OBS PTYPE1,. . . ,PTYPE999BLANK DATE PZERO1,. . . ,PZERO999BSCALE EPOCH REFERENCBUNIT EQUINOX TDISP1,. . . ,TDISP999BZERO EXTLEVEL TELESCOPCDELT1,. . . ,CDELT999 EXTNAME TNULL1,. . . ,TNULL999COMMENT EXTVER TSCAL1,. . . ,TSCAL999CROTA1,. . . ,CROTA999 HISTORY TTYPE1,. . . ,TTYPE999CRPIX1,. . . ,CRPIX999 INSTRUME TUNIT1,. . . ,TUNIT999CRVAL1,. . . ,CRVAL999 OBJECT TZERO1,. . . ,TZERO999CTYPE1,. . . ,CTYPE999 OBSERVER         DATAMAX ORIGINDATAMIN PSCAL1,. . . ,PSCAL999If these keywords are used, then their use will be limited to a manner 
onsistent with the de�nitionsof these keywords as des
ribed in the FITS and FITS/BINTABLE do
umentation. Not all of thesekeywords are expe
ted to be used.There is also a proposed standard [10℄ for storing 
ompressed data in FITS format. The key-words used by this standard are listed below.COMPRES LBITPIXCOMPRES1,. . . ,COMPRES9 LEXTENDLAXIS LEXTENSNLAXIS1,. . . ,LAXIS9993 Standard FITS keywords as used by SOHO.Some of the above standard FITS keywords are dis
ussed below. These keywords are 
onsideredto be of parti
ular importan
e to the SOHO mission. In some 
ases, the standard de�nitionsare further re�ned to meet the needs of the SOHO program. These additional restri
tions areemphasized in the text.
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DATE (string) The date, and optionally time, on whi
h the FITSstru
ture (header and data unit) was de�ned, in theform \yyyy-mm-dd". If the time is in
luded,then the form will beyyyy-mm-ddThh:mm:ss.sssSee Appendix E for more information. The datewill be expressed in Coordinated Universal Time(UTC).ORIGIN (string) Chara
ter string identifying the organization 
reat-ing the FITS �le. Possible values 
ould be \SOHO",\SOHO-EOF", \SOHO-Univ. of Maryland", et
.TELESCOP (string) The value of this �eld will be \SOHO".INSTRUME (string) Chara
ter string identifying the instrument used toa
quire the data, e.g. \CDS", \SUMER", et
.OBJECT (string) Chara
ter string 
ontaining the name of the obje
tobserved, e.g. \CORONAL HOLE", et
.COMMENT May 
ontain any ASCII text. Any number of COM-MENT re
ords 
an appear in the header. Thesere
ords will appear in the header just before the HIS-TORY re
ords, in 
hronologi
al order. If there are noHISTORY re
ords, then the COMMENT re
ords willappear just before the END re
ord.HISTORY May 
ontain any ASCII text. Any number of HIS-TORY re
ords 
an appear in the header. Will be re-served spe
i�
ally for entering re
ords des
ribing thepro
essing steps applied to the data in the �le (orextension). The HISTORY re
ords will appear in theheader just after the COMMENT re
ords (if any), andjust before the END re
ord. They will be in 
hrono-logi
al order.BSCALE (
oat) S
ale fa
tor (true = value*BSCALE + BZERO).BZERO (
oat) O�set applied to true pixel values.BUNIT (string) Chara
ter string des
ribing the units of the data.3



BLANK (integer) Unde�ned pixels are set to this value. This keywordis used only for integer arrays. Floating point arraysuse the IEEE standard NaN (not a number) to signalpixels with unde�ned values.There's been additional work done by the FITS 
ommunity regarding the followingkeywords, known as the World Coordinate System. This topi
 is too 
omplex to gointo here, and is dis
ussed in a separate paper [9℄, and referen
es therein.CTYPEnnn (string) Type of physi
al 
oordinate on axis \nnn".CRPIXnnn (
oat) Array lo
ation of a referen
e pixel along axis \nnn",indexed starting with pixel 1.CRVALnnn (
oat) Value of physi
al 
oordinate axis \nnn" at the refer-en
e pixel identi�ed by the 
orresponding CRPIXnnnkeyword. Spe
i�
ally, this 
orresponds to the 
enterof the referen
e pixel.CDELTnnn (
oat) In
rement in physi
al 
oordinates along axis \nnn".CROTAnnn (
oat) Rotation of axis \nnn" from a standard 
oordinatesystem, in degrees. The rotation will be 
ounter-
lo
kwise about the 
enter of the referen
e pixel givenby CRPIXnnn3.1 Keywords for ASCII or binary tablesNote that the letters \nnn" in the following keyword names refers to the 
olumn number that thekeywords apply to. In other words, the notation \TSCALnnn" refers to the series of keywordsTSCAL1 to TSCAL999.TSCALnnn (
oat) Equivalent of BSCALE keyword for 
olumn \nnn" inan ASCII or binary table extension.TZEROnnn (
oat) Equivalent of BZERO keyword for 
olumn \nnn" inan ASCII or binary table extension.TNULLnnn (integer) Equivalent of BLANK keyword for 
olumn \nnn" inan ASCII or binary table extension.TUNITnnn (string) Equivalent of BUNIT keyword for 
olumn \nnn" inan ASCII or binary table extension.4



TTYPEnnn (string) The label of 
olumn \nnn" in an ASCII or binarytable. There will be instan
es where the data rep-resented by a standard or instrument-spe
i�
 SOHOkeyword will be stored as a 
olumn in a table. In these
ases the value of the TTYPEnnn keyword will be theappropriate SOHO keyword des
ribing the data, e.g.TTYPE10 = 'DATE OBS'Two other keywords that would be useful, although they are not a
tually listed in the ASCII orbinary table extension des
riptions, are:TDMINnnn (
oat) Equivalent of DATAMIN keyword for a 
olumn in anASCII or binary table.TDMAXnnn (
oat) Equivalent of DATAMAX keyword for a 
olumn in anASCII or binary table.3.2 Keywords for binary tablesSin
e this do
ument was �rst developed, the TDIMnnn keyword has been formallyadopted. However, the other keywords dis
ussed in this se
tion were not adopted.Instead, a di�erent me
hanism has been adopted by the FITS 
ommunity, and isdis
ussed in a separate paper [9℄, and referen
es therein.The formal FITS binary table proposal does not allow for de�ning an array stored in a binarytable as being multidimensional. However, there are several ways to pass the dimensioning infor-mation to the FITS reader. One su
h approa
h is the \Multidimensional Array Fa
ility", whi
huses the following keyword:TDIMnnn (string) The value is a 
hara
ter string 
ontaining the dimen-sions of a multidimensional array stored in 
olumn\nnn" in a binary table, with the formatTDIMnnn='(dim1,dim2,. . . )'For instan
e, a 20�30 array stored in 
olumn 5 wouldbe des
ribed by TDIM5='(20,30)'.If one does use the \TDIMnnn" approa
h, then it be
omes ne
essary to store other informationabout the dimensions of the data. However, the \Multidimensional Array Fa
ility" does not addressthis issue. The following keywords were devised by William Thompson of the NASA Goddard Spa
eFlight Center and Applied Resear
h Corporation, and are intended to �ll in this gap. (However,see also Appendix G.) Ea
h of these keywords has the formatTXXXXnnn='(val1,val2,. . . )'5



i.e. a 
hara
ter string 
ontaining a list of values with a one-to-one 
orresponden
e with the di-mensions enumerated in the asso
iated \TDIMnnn" keyword. If the \TDIMnnn" keyword is notpresent for that 
olumn (i.e., the array is one-dimensional), then these keywords have the simplerform TXXXXnnn='value'In either 
ase, these keywords are always of type string.TDESCnnn (string) Extension of CTYPEn keywords to binary tables.Has the formatTDESCnnn='(des
1,des
2,. . . )'where ea
h element in the list 
orresponds to one ofthe dimensions in the asso
iated TDIMnnn keyword.For example,TDESC5='(WAVELNTH,SOLAR Y)'As yet there are no standards for the values of thedes
riptions to be applied to the axes of a data ar-ray, although the use of the keywords WAVELNTH,SOLAR X, and SOLAR Y are highly re
ommended.TROTAnnn (string) Extension of CROTAn keywords to binary tables.Has the formatTROTAnnn='(rota1,rota2,. . . )'where ea
h element in the list 
orresponds to one ofthe dimensions in the asso
iated TDIMnnn keyword.The rotation will be 
ounter-
lo
kwise about the 
en-ter of the referen
e pixel given by CRPIXnnn. Therotation will be expressed in degrees.TRPIXnnn (string) Extension of CRPIXn keywords to binary tables.TRVALnnn (string) Extension of CRVALn keywords to binary tables.TDELTnnn (string) Extension of CDELTn keywords to binary tables.TCUNInnn (string) The units of the various dimentsions, e.g.TCUNI5='(ANGSTROM,ARCSEC)'
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It is evident from Appendix H that there are several possible s
hemes for storing stru
tureddatasets in FITS binary tables. Although there is a tentative plan for doing this, i.e. using theabove keywords together with the TDIMnnn keyword, we should re
ognize that our understandingand desires may 
hange over time. To allow for expansion, the following keyword will be used:CONVENTN (string) Convention used to des
ribe how the binary tablesare used to store data. This keyword will appear inthe binary table extension header. The value of thiskeyword will be \TDIM".4 Additional SOHO keywordsFinally, we 
ome to those keywords spe
i�
ally asso
iated with the SOHO program. To date, theseare: SCI OBJ (string) The s
ien
e obje
tive.SCI SPEC (string) A more spe
i�
 s
ienti�
 obje
tive, modifying or
larifying SCI OBJ. For example, SCI OBJ may be\Coronal hole study", while SCI SPEC might be\Density diagnosti
s".OBS PROG (string) The observing program.DATE OBS (string) Starting date and time of data a
quisition, in UTC.Shall be in CCSDS format (see Appendix E), e.g.1994-06-28T12:34:56.789(When SOHO was laun
hed, the standardFITS keyword DATE-OBS was not yet Y2K-
ompatible. To get around this problem theSOHO proje
t used DATE OBS instead ofDATE-OBS. Sin
e that time, the de�nition ofthe DATE-OBS keyword was 
hanged by theFITS 
ommunity to mat
h the format used bySOHO. Thus, DATE-OBS 
an be 
onsideredto be preferable to DATE OBS.There was also a 
omment in the original do
-ument whi
h read that this time would be 
or-re
ted for the di�eren
e in light travel time be-tween the spa
e
raft and Earth. It's not 
learhow su

essful this was (did all SOHO instru-ments follow this 
onvention?), and is in
on-sistent with the re
ommendations in the 
ur-rent FITS standard. It's appli
ation to spa
e-
raft not along the Sun-Earth line, su
h asSTEREO, is also not entirely 
lear.)7



DATE END (string) Ending date and time of data a
quisition, in UTC.Shall be in the same format as DATE OBS. (Thesame 
omments above for DATE OBS also ap-ply to DATE END.)OBT TIME (double) On-board value for the starting time of data a
quisi-tion, in TAI se
onds.OBT END (double) On-board value for the time of the end of data a
qui-sition, in TAI se
onds.DEL TIME (double) A time di�eren
e, in se
onds, from the time givenby DATE OBS. Used to express times within anobservation.OBS MODE (string) Observing mode.DETECTOR (string) Dete
tor used to a
quire the data.OBS SEQ (string) The name of the observing sequen
e used.EXPTIME (
oat) Exposure time in se
onds, to millise
ond a

ura
y.OBJ ID (string) Obje
t identi�er, e.g. a
tive region number.SOLAR P0 (
oat) The solar P0 angle.SOLAR B0 (
oat) The solar B0 angle.CAR ROT (integer) Carrington rotation number.WAVELNTH (
oat) The wavelength of observation, in �Angstroms. Also,TWAVEnnn for binary tables. When used for ob-servations that 
over a range of wavelengths, thenthis keyword represents the wavelength of interest,not ne
essarily the 
entral wavelength.WAVEMIN (
oat) Minimum wavelength of observation, in �Angstroms.Also, TWMIN for binary tables.WAVEMAX (
oat) Maximum wavelength of observation, in �Angstroms.Also, TWMAX for binary tables.8



OBS TYPE (string) The type of observation 
ontained within the �le.This keyword is intended for use within the daily sum-mary �les. It's value will be a �ve digit 
ode repre-senting the kind of data, e.g. \10830" for Helium I10830�A, or \HALPH" for Hydrogen H�. A 
ompletelist of 
ode values 
an be found at URLhttp://sohowww.nas
om.nasa.gov/data/synopti
/aaaareadme.html4.1 Data management keywordsThe following keywords are used to des
ribe the organization the data. In parti
ular, these keywordswill be used in the on-line 
atalogs.FILENAME (string) The name of the data �le. The use of this keywordwill not be 
onstrued to mean that the FITS headerwill need to be 
hanged if the �le is 
opied from one
omputer to another, or to another media su
h astape.FILEORIG (string) Original �lename as 
olle
ted.SFDUADID (string) Standard Formatted Data Unit (SFDU) Authorityand Des
ription Identi�er (ADID) for a data obje
t.Corresponds to bytes 1{4 and 9{12 of the SFDU la-bel asso
iated with the data obje
t (�le). Asso
iatingthis keyword with the data maintains this informationeven if the SFDU labels are separated from it.CMP NAME (
hara
ter) Name of 
oordinated observing program (e.g.
ampaign).CMP NO (integer) Unique identi�er for a 
oordinated observingprogram.CMP TYPE (
hara
ter) Type of 
oordinated observing program. Possible val-ues are \JOP" or \Campaign", although the type of
ampaign might also be spe
i�ed.CMP DESC (
hara
ter) A des
ription of the 
oordinated observing program,in parti
ular giving the s
ienti�
 obje
tives.INSTITUT (
hara
ter) Name of an intrument team or institution taking partin a 
oordinated observing program.9



PROG ID (integer) Observing program identi�
ation number. PROG IDis used to aso
iate individual observations together asbeing part of the same observing program. In parti
-ular, an observing program that is not 
ontiguous intime, for instan
e an observation made at the sametime ea
h day, or on
e every solar rotation, 
ould beidenti�ed by the same value of PROG ID.PROG NUM (integer) Unique identi�er for the observing program. Ea
h ob-serving program is assigned a unique identi�er num-ber ea
h time it's run, even if it's a 
ontinuation ofan earlier program.COUNT (integer) Number of repeated observing sequen
es within anobserving program.SEQ NUM (integer) Unique number assigned to an exe
ution of an observ-ing sequen
e. Depending on how an instrument teamorganizes their data, this number may represent anindividual observing sequen
e or a repeated series ofthe same observing sequen
e.SEQ FROM (integer) First value of SEQ NUM in a series of observingsequen
es.SEQ TO (integer) Last value of SEQ NUM in a series of observingsequen
es.SEQ IND (integer) Index of an observing sequen
e within an observingprogram, from one to the value of COUNT.EXPCOUNT (integer) Number of exposures within an observing sequen
e.EXP IND (integer) Index of an exposure within an observing sequen
e,from one to the value of EXPCOUNT.SEQVALID (
hara
ter) Either \Y" or \N", denoting whether or not the datafrom an observing sequen
e has s
ienti�
 value.SEQONLIN (
hara
ter) Either \Y" or \N", denoting whether or not the datafrom an observing sequen
e is online or not.The following keywords spe
i�
ally support the SOHO online 
atalogs, and are related to theme
hanism of maintaining the database. They are not intended to be used anywhere else.10



COMMENTS (
hara
ter) Either \Y" or \N", depending on whether or not anentry in a database is 
ommented or not. For use inthe online 
atalogs only.COMM NO (integer) Comment number. For use in the online 
atalogsonly.DATE MOD (date) Date/time that an entry in a 
atalog was last modi-�ed. For use in the online 
atalogs only.4.2 Pointing keywordsFive levels of pointing information are envisioned. Ea
h of these 
oordinate systems has the X-axispointing to the \right", and the Y-axis pointing \up". The exa
t de�nitions of \right" and \up"will 
hange depending on the pointing level being 
onsidered, but would ordinarily be asso
iatedwith solar west and north respe
tively.The �rst pointing level would represent the position of a subarray within the 
oordinate systemof the instrument's dete
tor. The division of a dete
tor array into subarrays might o

ur on thespa
e
raft, or might o

ur on the ground as part of the data redu
tion pro
ess. The keywords forthis are:DET X (integer) Position of pixel within a dete
tor along the X axis.DET Y (integer) Position of pixel within a dete
tor along the Y axis.The se
ond level is the pointing of the instrument relative to its own origin. In other words,there may be s
an mirror movements, et
., whi
h 
hange the pointing of the instrument. Thissituation is 
overed by the keywords:INS X (
oat) Pointing of instrument along the instrument X-axis.INS Y (
oat) Pointing of instrument along the instrument Y-axis.The third level is the pointing of the instrument when it's at its origin relative to the spa
e
raft.I.e., instead of 
hanging the pointing by moving s
an mirrors, the pointing of the entire instrumentis 
hanged. Alternatively, if the instrument has it's own sun sensors, then ex
ept for roll angle thislevel will be relative to the solar disk. Both of these situations are 
overed by the keywords:INS X0 (
oat) Pointing of instrument origin along the spa
e-
raft/solar X-axis.INS Y0 (
oat) Pointing of instrument origin along the spa
e-
raft/solar Y-axis.11



INS ROLL (
oat) Instrument roll angle relative to the spa
e
raft, i.e.the angle between the instrument X-axis and thespa
e
raft X-axis, measured in a 
ounter-
lo
kwise di-re
tion from the spa
e
raft X-axis toward the spa
e-
raft Y-axis.Whether or not INS X0 and INS Y0 are relative to the spa
e
raft or to the sun will depend on theinstrument involved.The fourth level is the pointing of the spa
e
raft relative to the sun. The keywords 
overingthis situation are:SC X0 (
oat) Spa
e
raft pointing along the solar X-axis as de�nedby the keyword SOLAR X.SC Y0 (
oat) Spa
e
raft pointing along the solar Y-axis as de�nedby the keyword SOLAR Y.SC ROLL (
oat) Spa
e
raft roll angle relative to solar 
oordinates.The �nal level of pointing information is when all the information from the above four interme-diate levels are put together to determine where a data array is pointing to on the Sun. This willbe 
ontrolled by the keywords:SOLAR X (
oat) General pointing relative to the solar X axis, whi
his de�ned as being in the plane of the sky as seen bythe instrument, perpendi
ular to the proje
tion of thesolar north pole, and towards the west solar limb.SOLAR Y (
oat) General pointing relative to the solar Y axis, whi
h isde�ned as being the proje
tion of the solar north poleaxis on the plane of the sky as seen by the instrument.These keywords are designed to be 
ompatible with the inter-instrument 
oordinate systems de-s
ribed in the S
ien
e Operations Plan. However, they di�er in that they are always aligned withthe solar north pole axis, whereas it appears that this is only true for the inter-instrument axeswhen the spa
e
raft roll angle is zero.SWAN is an ex
eption, using Euler angles in an e
lipti
 
oordinate system, rather than Yand Z o�sets from Sun 
enter, to des
ribe its pointing. The keywords to des
ribe this are (after
onsultation with Walter S
hmidt):AZ START (
oat) Starting e
lipti
 azimuth of an observation, indegrees.EL START (
oat) Starting e
lipti
 elevation of an observation, indegrees.12



AZ END (
oat) Ending azimuth.EL END (
oat) Ending elevation.AZ (
oat) The azimuth of a data point.EL (
oat) The elevation of a data point.4.2.1 Image 
oordinatesOn
e we have all this information, we 
an 
al
ulate the pointing of an image array, or set of imagearrays, relative to the Sun. This information would be parti
ular useful in the data 
atalogs. It isassumed here that the instrument has a �eld-of-view whi
h �ts within a re
tangular box at someangle to the solar north (although it may not 
ompletely �ll it). The proposed keywords whi
hdes
ribe this box are:XCEN (
oat) Center of the instrument �eld-of-view along the solarX-axis.YCEN (
oat) Center of the instrument �eld-of-view along the solarY-axis.ANGLE (
oat) Angle of rotation of the verti
al axis of the instrument�eld-of-view relative to solar north.IXWIDTH (
oat) Maximum width of the instrument �eld-of-view in theinstrument X axis, i.e. the dire
tion perpendi
ular tothe verti
al axis as used in keyword ANGLE.IYWIDTH (
oat) Maximum width of the instrument �eld-of-view in theinstrument Y axis, i.e. the dire
tion along the verti
alaxis as used in keyword ANGLE.4.3 Synopti
 data keywordsSOHO will use synopti
 data from a large variety of ground and spa
e
raft based sour
es to assistin the planning for the daily operations. Many of these sour
es are already making their dataavailable in FITS format|others are not. For those who have not yet �nalized their FITS format,we suggest that the FITS headers of these �les 
ontain the following information:
13



DATE OBS (string) The date and time asso
iated with the data, in UTC.Shall be in CCSDS format (see Appendix E), e.g.1994-06-28T12:34:56.789(When SOHO was laun
hed, the standardFITS keyword DATE-OBS was not yet Y2K-
ompatible. To get around this problem theSOHO proje
t used DATE OBS instead ofDATE-OBS. Sin
e that time, the de�nition ofthe DATE-OBS keyword was 
hanged by theFITS 
ommunity to mat
h the format used bySOHO. Thus, DATE-OBS 
an be 
onsideredto be preferable to DATE OBS.)CENTER X (double) The 
oordinate of the 
enter of the Sun in pixels alongthe �rst dimension, where the 
enter of the �rst pixelin the image has the 
oordinate value 1 along ea
haxis.CENTER Y (double) The 
oordinate of the 
enter of the Sun in pixels alongthe se
ond dimension, where the 
enter of the �rstpixel in the image has the 
oordinate value 1 alongea
h axis.XSCALE (double) The s
ale of the image, in ar
se
/pixel, along the �rstdimension. If the image is left-right reversed, thenthis value will be negative.YSCALE (double) The s
ale of the image, in ar
se
/pixel, along the se
-ond dimension. If the image is up-down reversed, thenthis value will be negative.ANGLE (double) Angle of rotation of the verti
al axis of the instru-ment �eld-of-view relative to solar north. In otherwords, one would need to rotate the image 
lo
kwiseby ANGLE degrees to orient the image with solarnorth in the verti
al dire
tion. This rotation wouldo

ur after applying any image reversals to restoreXSCALE and YSCALE to positive values.There are also some optional keywords, as follows:SOLAR R (double) The apparent radius of the solar disk, in pixels. Thiskeyword 
an be supplied in pla
e of XSCALE andYSCALE, assuming both would be positive.14



SOLAR P0 (
oat) The solar P0 angle.SOLAR B0 (
oat) The solar B0 angle.4.4 Orbital parameters keywordsThese keywords have also been reworked sin
e this paper was originally written, andare dis
ussed in a separate paper [9℄.The keywords used to des
ribe the SOHO orbital parameters are tied to the 
oordinate systemused. There are several di�erent possible 
oordinate systems:Geo
entri
 Solar Inertial (GCI): The 
oordinates are given with the keywords GCI X,GCI Y, GCI Z. The velo
ities are given with the keywords GCI VX, GCI VY,GCI VZ.Geo
entri
 Solar E
lipti
 (GSE): The 
oordinates are given with the keywordsGSE X, GSE Y, GSE Z. The velo
ities are given with the keywords GSE VX,GSE VY, GSE VZ.Geo
entri
 Solar Magnetospheri
 (GSM): The 
oordinates are given with the key-words GSM X, GSM Y, GSM Z. The velo
ities are given with the keywords GSM VX,GSM VY, GSM VZ.Helio
entri
 (HEC): The Helio
entri
 E
lipti
 Coordinate system is de�ned as fol-lows: The origin is Sun 
entered, with the Z axis parallel to the e
lipti
 pole withpositive north of the e
lipti
 plane; the X- Y plane lies in the e
lipti
 plane and theX axis points towards the �rst point of Aries; the Y axis 
ompletes a right-handedorthogonal 
oordinate system.The 
oordinates are given with the keywords HEC X, HEC Y, HEC Z. The velo
-ities are given with the keywords HEC VX, HEC VY, HEC VZ.The units of position are kilometers, and the units of velo
ity are km/s.4.5 File pro
essing keywordsThis se
tion is devoted to those keywords related to the state of pro
essing of data �les (i.e., stateof 
alibration, et
.). These keywords are as yet TBD.Referen
es[1℄ ESO s
ien
e ar
hive rev 1.3. Te
hni
al report, Mar
h 26 1992. ARC-SPE-ESO-0000-0001/1.3.[2℄ W. D. Cotton and D. B. Tody. Binary table extension to FITS: A proposal. preprint, 1991.[3℄ Consultative Committee for Spa
e Data Systems. Time 
ode formats. Te
hni
al ReportCCSDS 301.0-B-2, CCSDS Se
retariate, Communi
ations and Data Systems Division, (Code-OS), National Aeronauti
s and Spa
e Administration, Washington, DC 20546, USA, April1990. 15
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APPENDICESA QuestionsThe following need to be de
ided.� Should time keywords be referen
ed to UTC at Earth, or should the time delay between theEarth and the spa
e
raft be taken into a

ount?� Should a unique number be assigned ea
h time an observing sequen
e is exe
uted (identi�edby keyword SEQ NUM), or should sequen
es be identi�ed only by the program number andthe index within the observing program?� Whi
h keywords in se
tions 3 and 4 should be 
onsidered as required?B Changes from previous versionsThis appendix lists the 
hanges made from earlier versions of this do
ument. Changes are listed in
hronologi
al order.8 Mar
h 1992 Split PROG ID keyword into PROG ID (observing program one might want to
ome ba
k to) and PROG NUM (unique ID for database).14 Mar
h 1992 Changed keyword SEQ ID to SEQ NUM, to avoid 
onfusion with OBS SEQ.14 Mar
h 1992 Changed SEQVAL to SEQVALID, and SEQONL to SEQONLIN.14 Mar
h 1992 Changed OBS IND to SEQ IND, for greater 
onsisten
y.14 Mar
h 1992 Added keywords EXPCOUNT and EXP IND.15 Mar
h 1992 Added keyword OBS MODE.15 Mar
h 1992 Added keywords COMMENTS, DATE MOD, and TIME MOD.22 Mar
h 1992 Changed way that 
olumns in binary tables refer to other 
olumns (Appendix F).Referen
ing is now by name rather than by number.5 April 1992 Added INSTITUT and COMM NO keywords.21 August 1992 Added appendi
es C and E.10 September 1992 Added appendix D.7 June 1994 Numerous 
hanges:� Changed from a Y-Z 
oordinate system to an X-Y 
oordinate system, to be 
onsistentwith the inter-instrument 
oordinate system given in the s
ien
e operations plan. Thisa�e
ts the following keywords: 17



Old keyword New keywordDET Y DET XDET Z DET YINS Y INS XINS Z INS YINS Y0 INS X0INS Z0 INS Y0SC Y0 SC X0SC Z0 SC Y0YCEN XCENZCEN YCEN� Also 
hanged the following keywords:Old keyword New keywordWIDTH IXWIDTHHEIGHT IYWIDTHAIT TIME OBT TIMEAIT END OBT END� Added the keywords SCI SPEC, CMP DESC, SOLAR X, SOLAR Y, DEL TIME, DET X,DET Y, and the various SWAN pointing keywords.� Changed the format of DATE OBS and DATE END to that re
ommended by theCCSDS. Removed the keywords TIME OBS, TIME END, TIME MOD.� Added Appendi
es D.1 and G.13 June 1994 Added keyword TCUNInnn.8 February 1995 Added Se
tion 4.327 February 1995 Used phrase \
oordinated observing program" rather than 
ampaign. AddedCMP TYPE.18 August 1995 Clari�ed de�nitions of DATE OBS, DATE END, OBT TIME, and OBT END.Changed wavelength units from nm to �Angstroms to re
e
t a de
ision made at the SOWG.29 August 1995 Corre
ted in
onsisten
y of de�nition of SOLAR B0 and SOLAR P0. Bothshould be 
oating point numbers.20 O
tober 1995 Added OBS TYPE keyword.19 Mar
h 1997 Added keywords for orbital position, and CAR ROT.31 July 2002 Changed to bring up to date with modern FITS 
onventions. Changes shown inboldfa
e.
18



C Other keyword systemsC.1 Known ISTP keywordsThe following keywords are known to be used by the ISTP CDHF for storing data in CDF �les,and in SFDU headers [6℄:CATDESC FILLVAL REFERENCETYPE TEXTCOMMENT FORMAT LABEL TIME PB5DATA TYPE FORM PTR i REFERENCE TIMETAGDATA VERSION GENERATION DATE SCALEFAC TITLEDEPEND i INPUT FILE SCALEMAX VALIDMAXDESCRIPTOR LABLAXIS SCALEMIN VALIDMINDISCIPLINE LABL PTR SCALETYP UNITSEPOCH MODS SCAL PTR UNIT PTRFIELDNAM MONOTON SOURCE NAMEFILE ID PROJECT START DATENone of these keywords represents a 
on
i
t with SOHO keywords. However, the following 
orre-sponden
es must be madeSOHO ISTPBLANK FILLVALBUNIT UNITSCTYPE LABLAXISDATE OBS & TIME OBS START DATEFILENAME FILE IDHISTORY MODSTDISPn FORMATTELESCOP SOURCE NAMETTYPEn FIELDNAMSee the do
ument \ISTP File Formats and Keywords" [8℄ for more information.Some of these keywords may be useful for the SOHO proje
t. Others may be useful withappropriate FITS-
ompatible equivalents, e.g.SOHO ISTPDATATYPE DATA TYPEDESCRIPT DESCRIPTORVERSION DATA VERSIONC.2 PVL reserved keywordsThe following keywords are listed as reserved in the Parameter Value Language (PVL) [5℄ used inStandard Formatted Data Units: 19



BEGIN GROUPBEGIN OBJECTEND GROUPEND OBJECTENDGROUPOBJECTOf these, the only keyword whi
h 
on
i
ts with those dis
ussed in this do
ument is OBJECT.However, OBJECT is a standard FITS keyword, and it seems undesirable to use something else inits pla
e. It is therefore re
ommended that OBJECT be used everywhere ex
ept in PVL, wherethe equivalent keyword OBJECT OBSERVED be used.The keyword GROUP also represents a potential 
on
i
t. However, this keyword is not 
urrentlyreferen
ed in this do
ument. All other keywords are either longer than the eight 
hara
ters allowedby FITS, ex
ept for END whi
h is also a reserved keyword in the FITS standard.
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D Storing other keyword 
onventions in FITS �lesAs already noted, a number of di�erent keyword systems will be used at the SOHO EOF. Two inparti
ular are FITS headers, and SFDU/PVL des
ripters. It is therefore inevitable that there willbe keywords used by these other systems whi
h are in
onsistent with FITS in one way or another.Su
h in
onsisten
ies 
ould 
onsist of, for example,� Keywords longer than eight 
hara
ters.� Keywords whi
h 
an appear multiple times. In FITS this is allowed only for the HISTORY,COMMENT, and         (blank) keywords.� Keywords whi
h are grouped together in a hierar
hal stru
ture, e.g. delimited with BE-GIN/END statements.All data whi
h is ne
essary for reading, or pro
essing, s
ienti�
 data stored in FITS �les shouldand must be stored using 
onventional FITS stru
tures. If this data would otherwise be stored inkeywords that don't satisfy the FITS 
onvention in one way or another, then either a proper FITSalias keyword must be assigned (
.f. appendix C.1), or the data must be stored in some other way,su
h as in an ASCII or binary table (
.f. appendix F).However, it is also sometimes desirable to store auxilliary information pertaining to the maindata, whi
h 
omes from a non-FITS system. I have resear
hed how other fa
ilities handle thisproblem, and it is 
lear that the most appropriate thing to do is to store the data in a series ofFITS HISTORY re
ords. A FITS HISTORY re
ord 
an 
ontain any ASCII text appropriate todes
ribing the origin and pro
essing of the data stored in the �le; however there is an additionalstep that 
an be taken whi
h should greatly in
rease the usefulness of the data.I was given this method by Eri
 Greisen of the National Radio Astronomi
al Observatory, whereit is used. I reprodu
e his message verbatim belowThe solution we have used at NRAO (at it is even quietly present in the original FITSpaper!) is to have HISTORY 
ards. As the �rst word in the HISTORY we put anidenti�er that says that we have written the 
ard, e.g. NRAO or AIPS. Then we putone or more keyword=value pairs, with any old arbitrary 
hoi
e of keywords. Our FITSreaders 
he
k ea
h HISTORY 
ard's next word and if it is one of a few magi
 ones theyparse the rest of the 
ard. Otherwise, they ignore the 
ard as non-NRAO readers areexpe
ted to do with all our 
ards as well.I would take Eri
 Greisen's suggestion one step further, and say that the syntax of what followsthe \magi
 word" should depend only on the environment referen
ed. For example, suppose thatwe wanted to in
lude a series of SFDU/PVL statements; we might have (taken from \ParameterValue Language|A Tutorial" [4℄):HISTORY SFDU BEGIN_GROUP = ELEMENT_DEFINITION;HISTORY SFDU NAME = SPACECRAFT_ID;HISTORY SFDU DEFINITION = "Spa
e 
raft identifiers";HISTORY SFDU DATA_SYNTAX_ID = C;HISTORY SFDU DOMAIN_LIST = {WIND, POLAR, GEOTAIL, CLUSTER, SOHO};HISTORY SFDU END_GROUP = ELEMENT DEFINITION;21



This demonstrates the power of this approa
h for storing non-FITS like data in a FITS header. Thestatements follow the SFDU/PVL syntax, whi
h di�ers from the FITS syntax in a number of ways,e.g. semi-
olons, a BEGIN GROUP and END GROUP hierar
hy, di�erent rules for using quotationmarks, keywords longer than eight 
hara
ters, and a list of values surrounded by f g bra
kets. Usingthe word SFDU after the HISTORY statement delineates them from ordinary history re
ords,and from other non-FITS keyword groups that might also be present (e.g. instrument-spe
i�
engineering keywords that don't mat
h the FITS standard).D.1 Hierar
hi
al keywordsA related approa
h is that of hierar
hi
al keywords [1℄. This allows one to spe
ify a heirar
hy ofparameters that is very similar to stru
tures in C or IDL. The (non-standard) keyword HIERARCHis used to denote that what follows is in this hierar
hi
al format. For example, one might haveHIERARCH LASCO GEN ID = 'ARC-0001/1.0'HIERARCH LASCO GEN OBSP NAME = 'POLZ 'HIERARCH LASCO GEN OBSP TYPE = 'B 'HIERARCH LASCO GEN OBSP NO = 278HIERARCH LASCO GEN EXPO TYPE = 'SCI 'HIERARCH LASCO GEN EXPO NO = 34510HIERARCH LASCO GEN TEMP-1 = 14.5HIERARCH LASCO GEN TEMP-2 = 16.5If we were looking at this as a stru
ture, then the stru
ure LASCO would 
ontain the singleelement GEN. This would in turn be a stru
ture with the elements ID, OBSP, EXPO, TEMP-1and TEMP2. OBSP would be a stru
ture with elements NAME, TYPE, and NO, and EXPO would
ontain simply TYPE and NO.However, it appears that the status of this proposal is in a very un
ertain state.
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E CCSDS time standardSin
e this report was �rst written, the FITS 
ommunity has adopted this format forall date/time keywords. There are two important di�eren
es, though, between whatthe FITS 
ommunity adopted, and what is dis
ussed below. The oÆ
ial FITS formatis more restri
tive. Spe
i�
ally, the oÆ
ial FITS format:� Does not allow the string to end in the letter \Z".� Does not allow the day-of-year variation.Other than these two restri
tions, the oÆ
ial FITS format is identi
al to that dis
ussedbelow.There has been a dis
ussion of how time values should be represented in the SOHO EOF. Ihave 
ome a
ross a do
ument whi
h des
ribes an international standard for representing time inspa
e data sets [3℄. This standard has been adopted by the ISTP proje
t [6℄.The following is taken verbatim from the CCSDS do
ument \Time Code Formats" [3℄:CCSDS RECOMMENDATION FOR TIME CODE FORMATS2.5 CCSDS ASCII CALENDAR SEGMENTED TIME CODE (ASCII)2.5.1 T-FIELDThe CCSDS ASCII segmented time 
ode is 
omposed of a variable number of ASCII
hara
ters forming the T-field.Both ASCII time 
ode variations are UTC-based and leap se
ond 
orre
tions mustbe made. The time represented is intended to mat
h 
ivil time usage.Therefore, the epo
h is taken to be the usual Gregorian 
alendar epo
h of 1 AD,and the time is that of the prime meridian.The ASCII time 
ode Re
ommendations are Level 1 time 
ode formats.2.5.1.1 ASCII TIME CODE A, Month/Day of Month Calendar Variation:The format for ASCII Time Code A is as follows:YYYY-MM-DDThh:mm:ss.d->dZwhere ea
h 
hara
ter is an ASCII 
hara
ter using one o
tet with the followingmeanings:YYYY = Year in four-
hara
ter subfield with values 0001-9999MM = Month in two-
hara
ter subfield with values 01-12DD = Day of month in two-
hara
ter subfield with values 01-28,-29, -30, or -3123



"T" = Calendar-Time separatorhh = Hour in two-
hara
ter subfield with values 00-23mm = Minute in two-
hara
ter subfield with values 00-59ss = Se
ond in two-
hara
ter subfield with values 00-59(-58 or -60 during leap se
onds)d->d = De
imal fra
tion of se
ond in one- to n-
hara
tersubfield where ea
h d has values 0-9"Z" = time 
ode terminator (optional)Note that the hyphen (-), 
olon (:), letter "T" and period (.) are used asspe
ifi
 subfield separators, and that all subfields must in
lude leadingzeros.As many "d" 
hara
ters to the right of the period as required may be used toobtain the required pre
ision.An optional terminator 
onsisting of the ASCII 
hara
ter "Z" may be pla
ed atthe end of the time 
ode.EXAMPLE: 1988-01-18T17:20:43.123456Z2.5.1.2 ASCII TIME CODE B, Year/Day of Year Calendar Variation:The format for ASCII Time Code B is as follows:YYYY-DDDThh:mm:ss.d->dZwhere ea
h 
hara
ter is an ASCII 
hara
ter using one o
tet with the followingmeanings:YYYY = Year in four-
hara
ter subfield with values 0001-9999DDD = Day of year in three-
hara
ter subfield with values001-365 or -366"T" = Calendar-Time separatorHH = Hour in two-
hara
ter subfield with values 00-23MM = Minute in two-
hara
ter subfield with values 00-59SS = Se
ond in two-
hara
ter subfield with values 00-59(-58 or -60 during leap se
onds)d->d = De
imal fra
tion of se
ond in one- to n-
hara
tersubfield where ea
h d has values 0-9"Z" = time 
ode terminator (optional)Note that the hyphen (-), 
olon (:), letter "T" and period (.) are used asspe
ifi
 subfield separators, and that all subfields must in
lude leadingzeros.As many "d" 
hara
ters to the right of the period as required may be used to24



obtain the required pre
ision.An optional terminator 
onsisting of the ASCII 
hara
ter "Z" may be pla
ed atthe end of the time 
ode.EXAMPLE: 1988-018T17:20:43.123456Z2.5.1.3 SUBSETS OF THE COMPLETE TIME CODES:When it is desired to use SUBSETS of ea
h of the TWO ASCII time 
ode formatvariations des
ribed above, the following rules must be observed:a. The "
alendar" subset (all subfields to the left of the "T") and the"time" subset (all subfields to the right of the "T") may be usedindependently as separate "
alendar" or "time" formats, provided the
ontext in whi
h ea
h subset is used makes its interpretationunambiguous.b. When 
alendar or time subsets are used alone, the "T" separator isomitted.
. Calendar or time subsets may 
ontain all the defined subfields, ormay be abbreviated to the span of interest by deleting the unneededsubfields, either on the left or on the right. However, when subfieldsare deleted on the LEFT, all separators that had delimited the deletedsubfields must be retained (ex
ept for the "T" whi
h, by rule b, isdropped if the subset is used alone.) When subfields are deleted on theRIGHT, the separators that had delimited the deleted subfields aredropped.d. Subsets may NOT 
onsist of partial subfields (e.g., must use "ss",not "s"). In parti
ular, 
onsistent use of the 
omplete four-
hara
terYYYY subfield is required (e.g., "1989" instead of "89") be
ause of theneed to a

ommodate the up
oming 
entury rollover in only 1 1 years.Note, however, that ea
h fra
tional se
ond ("d" 
hara
ter) is
onsidered to be a 
omplete subfield, and so any number of fra
tionalse
onds may be used.e. If 
alendar and time SUBSETS are then brought together to form asingle time 
ode format (joined with the "T" separator) the CALENDARsubset may NOT have been trun
ated from the RIGHT,.and the TIME subsetmay NOT have been trun
ated from the LEFT. That is, the format must beintegral around the "T".f. Standardization on the use of these time 
ode formats for purposesOTHER than identifying an instant of 
alendar or time in UTC (e.g.,un
onventional use as a 
ounter or tool for measuring arbitrary25



intervals) is not re
ommended. It is felt su
h a spe
ializedappli
ation 
an best be viewed not as a time 
ode format but rather asan engineering measurement format. Any su
h appli
ation of these time
ode formats is 
onsidered beyond the s
ope of this re
ommendation.
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F Notes on storing keyword data in ASCII and binary tablesIt should be evident from the above that the keywords for simple FITS �les and for ASCII andbinary tables do not always agree. Keywords used to des
ribe the data arrays must be modi�edfor tabular data to in
lude the 
olumn number that the keyword applies to. This limits the a
tualname of the table keyword to only �ve 
hara
ters. However, simply be
ause a keyword parameteris to be entered into a binary table does not mean that the keyword has to be limited to �ve
hara
ters. There is a very simple way to enter a keyword parameter into a binary table with itsfull eight 
hara
ter name.Think of a binary (or ASCII) table as being made up of rows and 
olumns. The most usefulway to organize data into a binary table is to 
onsider the 
olumns as representing di�erent partsof a single observation, and the rows as representing di�erent observations with the same observingmode. For example, the data from the CDS Normal In
iden
e Spe
trometer will be organized as aseries of windows sele
ting out di�erent parts of the CCD for readout. Ea
h exposure of the CCDis a separate observation, and the individual windows are ea
h stored in a 
olumn of the table.(Note: It appears most likely that CDS observations shall be organized with all the data in a singlerow of the binary table. However, this does not invalidate the general prin
ipal involved here.)If a keyword parameter is asso
iated with the observation as a whole, rather than a pie
e (e.g.one of the CCD windows) then this parameter would be stored as an additional 
olumn in thebinary table. The TTYPEn keyword for this 
olumn would then take the value of the name ofthe keyword asso
iated with this parameter. For instan
e, if one wanted to store the time of ea
hexposure in the binary table, then one would store this in a 
olumn (e.g. 5), and the extensionheader would in
lude the lineTTYPE5 = 'DATE_OBS'This te
hnique 
ould also be used for keyword parameters that give information about a partof an observation. All that is ne
essary is that its TTYPEn keyword in
ludes the 
olumn that theparameter refers to. For instan
e, suppose that 
olumn 3 
ontains one of the windows on a CCD.One 
ould then store the keyword parameter DATAMAX for 
olumn 3 in another 
olumn (e.g. 4).The TTYPEn keyword for this 
olumn would then look likeTTYPE3 = 'FE335'TTYPE4 = 'DATAMAX(FE335)'This te
hnique would not be appropriate for those keyword parameters whi
h apply to individualpie
es of an observation, but whi
h do not 
hange from exposure to exposure in the same observingmode. This would lead to an unne
essary dupli
ation of information. However, it is anti
ipatedthat this would not be 
ommon, and that the keywords already de�ned, i.e.,TCUNInnn TDISPnnn TNULLnnn TSCALnnnTDELTnnn TDMAXnnn TROTAnnn TTYPEnnnTDESCnnn TDMINnnn TRPIXnnn TUNITnnnTDIMnnn TFORMnnn TRVALnnn TZEROnnnshould be adequate for most purposes. A few ex
eptions have been noted above, namely,27



TWAVEnnn TWMINnnn TWMAXnnn
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G The HEARSARC approa
h to annotating 
olumns in binarytables.Sin
e this do
ument was originally written, a modi�ed version of the HEASARCapproa
h has be
ome the basis of the World Coordinate System. This is des
ribed ina separate paper [9℄, and referen
es therein.One of the short
omings of the FITS binary table approa
h is that multidimensional arraysare not a formal part of the standard. There is, an appendix that des
ribes a way to spe
ifymultidimensionality using a keyword 
alled TDIM. However, it doesn't des
ribe any me
hanism toannotate the dimensions of an array, as one 
an do in ordinary FITS �les.To over
ome this short
oming, I 
ame up with a set of keywords to repli
ate the standard FITSkeywords relating to dimensions in binary tables. These are listed in the SoHO keywords do
ument.However, sin
e that time, the High Energy Astrophysi
s group at Goddard (HEASARC) has 
omeup with an alternate plan to do the same thing.To illustrate the di�eren
es, suppose that one had a two-dimensional array with dimensionsrepresenting energy and time. First of all, we would have the following keywords, regardless ofwhi
h 
onvention was being used:TTYPE2 = 'RATE ' /Observed flux 
ount rateTFORM2 = '80E ' /Array has 80 data values, type Real*4TUNIT2 = '
ounts/s' /Units of the RATE valuesTDIM2 = '(8,10) ' /Array is two-dimensionalIn my system, the annotation for the individual dimensions are modelled after the form of TDIM,and would appear in the FITS binary table header this way:TDESC2 = '(ENERGY,TIME)' /Dimension labelsTRPIX2 = '(1.0,1.0)' /Index of referen
e pixelTRVAL2 = '(2.5,0.0)' /Axis values at referen
e pixelTDELT2 = '(0.1,4.0)' /Pixel spa
ings along ea
h axisTCUNI2 = '(keV,s) ' /Axis unitsHowever, in the HEASARC system, the same information would appear as follows:1CTYP2 = 'ENERGY ' /Dimension labels2CTYP2 = 'TIME '1CRPX2 = 1.0 /Index of referen
e pixel2CRPX2 = 1.01CRVL2 = 2.5 /Axis values at referen
e pixel2CRVL2 = 0.01CDLT2 = 0.1 /Pixel spa
ings along ea
h axis2CDLT2 = 4.01CUNI2 = 'keV ' /Axis units2CUNI2 = 's ' 29



The HEASARC people were aware of my proposal, but were 
on
erned that the length of thestrings would be too long. Also, they preferred that a single FITS keyword point to a single value,rather than an array of values.The downside of the HEASARC approa
h is that it takes more spa
e than mine.What we, the SoHO 
ommunity, need to do is to de
ide whether or not we want to 
ontinuewith the approa
h we started with, or 
onvert over to HEASARC's system in the expe
tation thatit will be
ome a standard.
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H The \Green Bank Convention", and the relational approa
hIn resear
hing how one would store 
omplex data stru
tures in an IDL �le, I've 
ome a
ross twomain ways of doing it. One, whi
h I 
urrently prefer, is to use binary tables with the TDIMnnnkeywords as outlined above. The other approa
h, whi
h has a lot of support in the FITS 
ommunity,is to use something 
alled the \Green Bank Convention" (GBC).This 
onvention works by storing the IDL keywords that would ordinarily des
ribe a data array,NAXIS, NAXIS1, et
. in 
olumns in a binary table, with one 
olumn 
ontaining the a
tual dataarrays. In other words, the binary table would look to some extent like a series of ordinary FITS�les. The advantage of this is that one would not have to have di�erent keywords for binary tables(e.g. WAVELNTH vs. TWAVE5), or keywords that point to spe
i�
 
olumns (e.g. \DATAMAX"vs. \DATAMAX(FE335)"). The disadvantage, as I see it, is that it makes it diÆ
ult to treat datathat pertains to an observation as a whole, as opposed to a pie
e of an observation.A more detailed look at the GBC points out the following:� The binary table keyword TTYPEnnn gives the label of the keyword being stored in 
olumn\nnn".� The 
olumn 
ontaining the a
tual data arrays is labeled by TTYPEnnn='DATA' (TBR).� The names of the keywords NAXIS, NAXIS1, et
., are modi�ed to be MAXIS, MAXIS1, et
.(TBR). All other keywords (e.g. BSCALE, CTYPEnnn, et
.) are una�e
ted.� There is no 
olumn 
orresponding to BITPIX. The data type is de�ned in the des
ription ofthe binary table. This means that one 
an't mix data types in the data 
olumn.� Parameters whi
h would be the same for ea
h row 
an be substituted with a keyword. Forinstan
e, if all the data arrays were two-dimensional, then one 
ould have MAXIS=2 in theheader, rather than having a 
olumn for MAXIS.� The optional variable length array fa
ility should be used if one wants to minimize �le size.Otherwise, padding would be required.It would be instru
tive to 
onsider an example. The CDS Normal In
iden
e Spe
trographdete
tor is an intensi�ed CCD array that will have the 
apability of sele
ting out a series of windowsof interest on the CCD representing di�erent spe
tral lines to be read out. Let us then supposethat a series of observations are made with the same series of lines being read out. Hen
e, we wouldhave for our data set a series of M windows repeated N times. The size of the M windows wouldbe di�erent from ea
h other, but would not vary during the N observations.To store this data using the TDIMnnn approa
h, theMwindows would be stored inM 
olumnsin the binary table, and there would be N rows for the N observations.However, if one uses the GBC, then only one 
olumn would a
tually store all the windows, andthere would beM�N rows in the table. There would be a 
olumn storing the observation number,and a 
olumn storing the window number. The dimensions would be stored in other 
olumns, andwould form a repeating pattern (window 1, window 2, . . . , window M , window 1, . . . ).Now let us 
onsider where the data that would be stored that would pertain to an entireobservation regardless of whi
h window one was looking at. In the TDIMnnn approa
h, this would31



simply be another 
olumn in the table. In the GBC approa
h, however, this would most eÆ
ientlybe another FITS extension, and would be related to the extension 
ontaining the windows. In otherwords, one would be taking a relational database approa
h, joining two tables together by using
ommon key �elds. One extension would 
ontain a row for ea
h window from ea
h observation(M �N rows), and the other extension would 
ontain one row for ea
h observation (N rows).So far, I've been 
onsidering this relational approa
h as being more 
omplex to implement thanthe TDIMnnn approa
h. However, there are some advantages to this approa
h:� There would be only one form for keywords, rather than the three forms (e.g. \DATAMIN",\TDMINnnn", and \DATAMIN(FE335)") required for the TDIMnnn approa
h.� It does allow for more 
omplex interrelationships than 
an be expressed in a single binarytable; for instan
e, 
ases where the observing mode 
hanges from exposure to exposure. (Onthe other hand, I've also felt that it tends to 
onfuse the situation when the observations area repetitive sequen
e)� It groups similar pie
es from the same exposure together into one 
olumn, so that operations
ould be performed on them simultaneously. In the above example, the TDIMnnn approa
htreats di�erent windows on the CCD basi
ally as apples and oranges, while the GBC approa
htreats them as slightly di�erent kinds of apples.My main worry about the relational approa
h is that the software to open up multiple extensionswithin a FITS �le, and relate them together, would have to be developed. The above example
onsisted of two extensions, one for the window arrays (M � N rows), and one for the exposures(N rows). Another extension 
ould be added with M rows that would 
ontain information aboutthe windows that would be the same for all exposures (e.g., the dimensions, the wavelength, et
.),and other extensions 
ould also be imagined. All of these would have to be integrated together insoftware.
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